Abstract The use of opioids for migraine is still controversial. Evidence-based guidelines do not recommend opioids as first-line treatment of migraine attacks, while clinical and epidemiological surveys demonstrate that the use of opioids is associated with more severe headacherelated disability, symptomology and comorbidities, and greater health-care resource utilization. There are concerns that opioids may be misused or abused, leading to opioid abuse or dependence and migraineurs are particularly prone and at risk for the development of chronic daily headache from opioids overuse. Since clinical and preclinical studies evidence a pathophysiological role of opioids in migraine progression, opioids should be avoided in migraine patients.
phonophobia [1] . The goals of acute migraine treatments are to treat attacks rapidly and consistently without recurrence, restore the patient's ability to function, minimize the use of back-up and rescue medications, optimize self-care and reduce subsequent use of resources, be cost-effective for overall management, and have minimal or no adverse events [2] . Acute treatments used for migraine include nonspecific agents such as aspirin, acetaminophen, non-steroidal anti-inflammatory drugs (NSAIDs), opioids, and barbiturates among others, as well as migraine-specific medications, including ergot alkaloids and triptans [2] . International guidelines recommend triptans and NSAIDs as first-line treatment of migraine attacks [2] [3] [4] . Use of opioids for treatment of migraine is controversial. Despite evidence-based guidelines do not recommend opioids as first-line treatment of migraine attacks [2] [3] [4] , and no randomized controlled trial has shown any significant effect of opioids on migraine attacks when pain-free was the primary end-point of the study [5] , their use in clinical practice [6] [7] [8] and, even more, in emergency departments (EDs) is very large, especially in USA and Canada [9, 10] . Moreover, among studies about the efficacy of opioids as rescue medication for acute migraine in EDs recently revised, only one evidenced a superiority of meperidina 75 mg i.m. versus ketorolac 30 mg i.m., three reported superiority of competitors and eight reported similar results for opioids versus competitors such as DHE, metoclopramide, chlorpromazine, droperidol, and ketorolac [5] . In any case, opioids did not adequately restore the patient's ability to function. The negative impact of opioids on migrainous population is reported in several clinical and epidemiological studies. In fact, opioids use for migraine resulted associated with more severe headache-related disability, symptomology, and comorbidities (primarily, psychiatric, and cardiovascular), and greater health-care resource utilization. Repeat visitors to EDs were more likely to receive opioid medications, to use multiple doses of opioids, and to use opioids as initial treatment [6] . Recently, Tornabene et al. [11] showed that patients who received opioids for headache spent more time in ED than patients who did not. Moreover, those who received opioids as firstline treatment of migraine attacks in ED were significantly more likely to return to the same ED with a headache within 7 days of the original visit. Data from American Migraine Prevalence and Prevention study analyzing rates and reasons for discontinuation of triptans and opioids in episodic migraine from 2008 to 2009 showed that opioids use was associated with an increased risk of medication discontinuation compared to triptans. Reasons for medication discontinuation included return of migraine pain, concerns regarding drug interactions, and stomach upset, among others [6, 7] . The good management of acute migraine attacks is one of the most important components of the plan that prevents the transformation of episodic primary headache patterns into chronic headache disorders. Undoubtedly, there are concerns that opioids may be misused or abused, leading to opioids abuse or dependence [12, 13] . Analgesic overuse has long been considered a risk factor for transformation of episodic migraine in chronic daily headache (CDH) or medication overuse headache (MOH) [14] . The CDH population includes individuals with chronic tension-type headache and chronic migraine (CM), both of which may be associated with medication overuse [15, 16] . CDH is a major clinical concern and a common health risk, with a prevalence of approximately 3-5 % in the adult population worldwide. The answer to the question whether opioids overuse can lead to MOH or CDH was resolved in the ancillary study of Wilkinson et al. [17] who found that only patients with migraine who use daily opioids to control bowel motility after colectomy for ulcerative colitis, developed a transformed migraine. Patients without a history of migraine did not appear to be at risk for CDH even though they used daily opioids. These finding are indeed consistent with the concept that migraineurs are particularly prone and at risk for the development of CDH from opioids overuse. Other evidences supporting a role of opioids use as a risk factor for migraine chronification are provided by epidemiological studies. A prospective USA study of 8,219 migraineurs from the general population showed that 209 patients developed CM after 5 years of follow up [18, 19] . When compared with the use of acetaminophen, the use of opioids (and barbiturates) was found significantly associated with an increased risk of headache chronification, whereas the use of triptan or NSAIDs was not. The use of opioids at only 8 days/month was a risk factor for progression to MOH. Data from the Frequent Headache Epidemiological Study confirm that opioids use was associated with CDH (OR = 2.3, 95 % CI = 1.3-3.9) whereas aspirin and ibuprofen use were protective [20] . The last clinical evidence that opioids impact negatively on migraine attack is provided by a post hoc pooled analysis of rizatriptan clinical trials [21] , demonstrating that recent prior opioids use was associated with lower triptans response.
What is the action of opioids on the migraine brain?
How opioids might cause MOH or transformed migraine and how they might interfere with effective acute migraine treatment is not completely known. Peripheral and central sensitization can explain the progression from episodic to chronic headache pain. In fact, cutaneous allodynia, a frequent event that develops during migraine attacks, reflects the decrease in nociceptive threshold, which is the key feature of sensitization [22] . There are many experimental evidences supporting a negative impact of opioids in migraine pathophysiology and progression. It is well known that long-term opioids use produces multiple adverse events among which opioid-induced hyperalgesia (OIH), a state of nociceptive sensitization characterized by a paradoxical response whereby a subject receiving opioids become more sensitive to painful stimuli [23] . In case of OIH, increasing opioids dosage would only worsen the pain that could be improved by reducing or eliminating the opioids itself. Interestingly, in headache patients OIH was reported even after brief exposure to opioids [24] .
The neurobiological bases of OIH are not completely understood, but it is considered to result from neuroplastic changes in the peripheral and central nervous system that lead to sensitization of pronociceptive pathways. As recently reviewed [24] , five mechanisms involving the central glutaminergic system, spinal dynorphins, descending facilitation, genetic liability, and decreased re-uptake of neurotransmitters along with enhanced nociceptive responsiveness, have been reported. Interestingly, all these mechanisms might be involved in the process of headache chronification. In particular, enhanced activation of the central glutaminergic system might be responsible of an increased cortical excitability [25] ; in addiction, repeated morphine administration has also been shown to increase levels of pro-nociceptive peptides, as calcitonin generelated peptide (CGRP) and substance P, within the dorsal root ganglia in animal studies [26, 27] . Enhanced levels of CGRP and substance P might be present in dural afferents of trigeminal ganglia in migraine patients assuming opioids. These neuroadaptive changes may underlay hypersensitivity to normally non-noxious stimulation. Such pronociceptive neural adaptations might increase the response to triggers of migraine and enhance the frequency of attacks [28] . Other preclinical studies evidenced that sustained morphine exposure also induced a spinal dynorphin-dependent enhancement of excitatory transmitters release from primary afferent fibers. Moreover, in addition to the change in peripheral trigeminal afferents, animal studies demonstrate plasticity of central trigeminal neurons [29] . In morphine-treated rats, cutaneous receptive field sizes were larger, activation thresholds to electrical and mechanical stimulation of the dura were lower, and inhibition of heat-evoked activity by a remote noxious stimulus was abolished [30] . These results are consistent with an opioid-induced sensitization and a loss of Diffuse Noxious Inhibitory Controls (DNICs). The dysfunction of DNICs was also evidenced in patients with MOH [31] . In conclusion, opioids exposition in some predisposed migraine patients might produce neuroadaptive changes responsible for hyperexcitability of the trigeminal system and enhancement of descending facilitation throughout a loss of DNICs [28] . The development of drugs that do not interfere with such changes is of primary importance.
Conclusion
Opioids should not be used in migraine treatment [32] for many reasons. First of all because their use is not evidencebased: moderate or severe migraine attacks should be treated with specific anti-migraine medications according to the main guidelines, which consider opioids only as second or third-tier therapy for migraine, following both simple analgesics and migraine-specific medications [2] [3] [4] . This stratified-care approach provides use of triptans in moderate-to-severe migraine or in less severe migraine when non-opiate medications fail, and use of NSAIDs as first-line therapy for mild-to-moderate migraine [2] . Moreover, the use of opioids impacts negatively on migraine patients quality of life and it is responsible of a wastefulness of health-care resource. Last but not least, opioids are responsible for migraine progression. In Italy, the use of opioids is still limited respect to other European country due to a difficulty of prescription that was present since few years ago. A recent survey in an Italian ED evidences that tramadol is used in a small percentage of non-traumatic headache cases [33] . The Italian Law 38/2010 assures the citizens right to have access to palliative care and to antalgic centers in case of either oncologic or non oncologic pain. The law gives directives about the simplification of procedures for the access to pain drugs such as opioids representing a risk for opioids overuse headache [34] . Drugs with psychotropic effects, such as opioids, are preferentially overused by chronic headache patients and are related to a dependence-related behavior, which in turn leads to a long-term opioids exposition [12] . In Italy, we have the opportunity to avoid the risk that the predictable diffusion of opioids, necessary for severe nononcologic pain but mainly ineffective in primary headaches, causes an increment of MOH incidence. For these reasons educational programs for migraine patients and the continuous professional development for physicians and all different healthcare professionals in headache area are warranted along with a continuous monitoring of opioids consumption for migraine in headache center and EDs.
